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YHUVLRQRIILQDOHOHPHQWVRIWZDUHDQGLWLVFRPSRVHGRIRQO\'HOHPHQWV,QWKLVVRIWZDUHWKHORDGEHDULQJFDEOHVZDV
DOUHDG\PRGHOHGDVQRQOLQHDU7KHVHFRQGW\SHRIWKHEULGJHILQDOHOHPHQWPRGHOZDVFUHDWHGLQPRGHUQ)(0VRIWZDUH
ZKHUH'ZLWK'HOHPHQWFRPELQDWLRQZDVXVHG7KH ORDGEHDULQJFDEOHVZHUHDOVRPRGHOHGDVQRQOLQHDU$VD
FRPSDUDWLYHUHVXOWWKHQDWXUDOIUHTXHQFLHVDQGPRGHVRIQDWXUDOYLEUDWLRQZHUHFRPSXWHG7KHG\QDPLFH[SHULPHQWDO
YHULILFDWLRQRIWKLVEULGJHVWUXFWXUHZDVSHUIRUPHG7KHEDVLFG\QDPLFSDUDPHWHUVZHUHH[SHULPHQWDOO\PRQLWRUHGIRU
ODVWWHQ\HDUVE\DQQXDOO\UHSHDWWHVWLQJ
7KHEULGJH&DVH6WXG\
,QDSSOLFDWLRQRIDERYHDSSURDFKHVWKH1HZ%ULGJHFURVVLQJ'DQXEHLQ%UDWLVODYDZDVVWXGLHG7KHVWUXFWXUHLV
ZRUOG NQRZQ DV DQ DWWUDFWLYH FDEOH ± VWD\HG VWHHO EULGJH HUHFWHG LQ  DQG VHUYLQJ IRU WKH H[SUHVV KLJKZD\
FRQQHFWLQJ%UDWLVODYDDQG9LHQQD)LJ7KH WRWDO OHQJWKRI WKHEULGJH LVP7KH OHQJWKRI WKHPDLQVSDQ
FURVVLQJ'DQXEHLVP7ZRHQGVSDQVKDYHOHQJWKVPDQGP7KHFDEOHVDUHOHGRYHUWKHVNHZS\ORQ
ZLWKWKHKHLJKWRIP7RWDOZLGWKRIWKHEULGJHGHFNLVP7KHVRLOFRQGLWLRQVIRUIRXQGDWLRQVRIWKHVNHZ
S\ORQDUHYHU\VLPLODURQERWKULYHUVLGHVWKHUHVLVWDQWVXEVWUDWXPJUDYHODQGVDQG\JUDYHOLVDGHSWKRIPRUHWKDQ
P)LJVKRZVDFURVVVHFWLRQRIWKH1HZ%ULGJHRYHUWKH'DQXEHLQ%UDWLVODYD7KHEULGJHLVUHJXODUO\VXEMHFWHGWR
G\QDPLFPRQLWRULQJWDNLQJLQWRDFFRXQWWKHUHVXOWVRIDFWXDOG\QDPLFLGHQWLILFDWLRQVDQGWHVWVUHVXOWVREWDLQHGLQWKH
GLDJQRVWLFVRIWKHVWUXFWXUH>@


)LJ9LHZRIWKH1HZ%ULGJHRYHUWKH'DQXEHLQ%UDWLVODYD

)LJ&URVVVHFWLRQRIWKH1HZ%ULGJHRYHUWKH'DQXEHLQ%UDWLVODYD
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7KHEULGJHVWUXFWXUH)(0PRGHOOLQJ
3.1 The FEM model of beam elements and its results 

 0DLQEULGJHEHDPFUHDWHGDVEXLOW±XSZHOGHUVHFWLRQIURPWKUHH±VHFWLRQZDOOVZLWKXSSHUDQGERWWRPIODQJHVWHHO
SODWHZHUHPRGHOOHGXVLQJEHDPHOHPHQWV7KH)(0PRGHOLQFOXGHVDOVRYDULDELOLW\RIWKHFURVV±VHFWLRQVVODEVZDOOV
VWLIIHQHUV1ROLQHDULQIOXHQFHRIFDEOHVZDVLQFOXGHGDVDWHQVLRQRQO\EHDULQJPHPEHUV(FFHQWULFDOO\FRQQHFWHG
PHPEHUVVXFKDVFDEOHVDQGS\ORQJLUGHUVHOHPHQWVZHUHFRXSOHGLQWKHPRGHO7KHPDLQS\ORQPHPEHUVDUHIL[HG
WRWKHIXQGDPHQWEORFNDQGLWZHUHFRQVLGHUHGWR)(0PRGHODVPRPHQW±VWLIIFRQQHFWLRQV>@
$OOQRQEHDULQJHOHPHQWVRIWKHPDLQEULGJHEHDPFDEOHVS\ORQDQGWKHEULGJHURDGEHGZHUHLQFOXGHGDVDPDVVORDG
RIWKHVWUXFWXUH7ZRYDULDWLRQVRIH[SHFWHGFRQGLWLRQVZHUHVLPXODWHGZLWKIXOODQGHPSW\SLSHPDVV7KHVLPSOLILHG
)(PRGHOLVFUHDWHGE\MRLQWVEHDPHOHPHQWV5HQGHUHGRIWKHFRPSXWDWLRQDOPRGHOOD\RXWLVSUHVHQWHGRQ
)LJ


)LJ*OREDO)(0PRGHOOD\RXW
 Results from the FEM model 

 )LJ±VKRZILUVWPRGHVRIQDWXUDOYLEUDWLRQDQGYDOXHVRIQDWXUDOIUHTXHQFLHV


)LJVWPRGHRIQDWXUDOYLEUDWLRQI +]
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
)LJQGPRGHRIQDWXUDOYLEUDWLRQI +]

)LJUGPRGHRIQDWXUDOYLEUDWLRQI +]

)LJWKPRGHRIQDWXUDOYLEUDWLRQI +]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)LJWKPRGHRIQDWXUDOYLEUDWLRQI +]
7DEOHVKRZVILUVWQDWXUDOIUHTXHQFLHVIURPWKHEHDPHOHPHQW)(0PRGHO
7DEOH)LUVWQDWXUDOIUHTXHQFLHV
0RGHRIQDWXUDOYLEUDWLRQ )UHTXHQF\>+]@
 
 
 
 
 

3.2 The FEM model of slab - sheet elements and its results 

 7KHEULGJHGHFNZDVPRGHOOHGDVW\SLFDOVODEZLWKWKHZLGWKRIPPZLWKRWKHUQHFHVVDU\EHDULQJHOHPHQWV
7KHUHZDVQHHGWRPRGHOGLDSKUDJPVZKLFKDUHDWWKHEHJLQQLQJDQGDWWKHHQGRIVWUXFWXUHDOZD\VLQWKHGLVWDQFHRI
P LQ IURQW RI WKH DQFKRULQJ DQG EHKLQG WKH DQFKRULQJ RI WKH FDEOH DQG LQ WKH SODFHVZKHUH WKH EULGJH GHFN LV
VHFWLRQDOL]LQJWRVSDQV7KHS\ORQZDVPRGHOOHGIURPVKHHWHOHPHQWVZLWKGLDSKUDJPV>@

 Results from the FEM model 


)LJVWPRGHRIQDWXUDOYLEUDWLRQI +]
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)LJQGPRGHRIQDWXUDOYLEUDWLRQI +]

)LJUGPRGHRIQDWXUDOYLEUDWLRQI +]

)LJWKPRGHRIQDWXUDOYLEUDWLRQI 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
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
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)LJVWPRGHRIQDWXUDOYLEUDWLRQRIWKHS\ORQI +] )LJ7RUVLRQPRGHRIQDWXUDOYLEUDWLRQRIWKHS\ORQI +]
7DEOH1DWXUDOIUHTXHQFLHVRIWKHEULGJHGHFNDQGS\ORQ
(OHPHQW
>%'3@
0RGHRIQDWXUDOYLEUDWLRQ)UHTXHQF\
>L+]@
%' 
%' 
%'
%'
3
3




&RQFOXVLRQ
 7KLVDUWLFOHZDVDERXWFRPSDULVRQRIWZRFRPSXWDWLRQDO)(0PRGHOVRIWKHEULGJHVWUXFWXUH)LUVWRQHZDV
FUHDWHGDVWKHPRGHORIEHDPHOHPHQWVDQGWKHVHFRQGRQHZDVFUHDWHGDVWKHPRGHORIWKHVODEDQGVKHHWHOHPHQWVLQ
WKHVRIWZDUHRI6FLD(QJLQHHUYV5HVXOWVIURPHDFKPRGHOVKRZHGWKDWQDWXUDOIUHTXHQFLHVDUHQRWYHU\GLIIHUHQW
EHWZHHQERWKPRGHOV5HVXOWVVKRZHGWKDWQRWHYHU\PRGHRIQDWXUDOYLEUDWLRQLVWKHVDPHDWHDFKPRGHO7KHRQO\
GLIIHUHQFHLVDWWKHPRGHORIVKHHWDQGVODEHOHPHQWVEHFDXVHH[FHSWRIWKHEDVLFPRGHVRIQDWXUDOYLEUDWLRQRIWKH
EULGJHGHFNWKHUHDUHDOVRWRUVLRQPRGHVRIWKHEULGJHGHFN,WPHDQVWKDWWKH)(0PRGHORIVODEDQGVKHHWHOHPHQWV
LVPRUHDFFXUDWHWKDQWKH)(0PRGHORIEHDPHOHPHQWV'HVSLWHVLPSOLFLW\RIWKH)(0PRGHOZLWKEHDPHOHPHQWV
LWLVXVHIXOIRUG\QDPLFDQDO\VLVDVWKH)(0PRGHOZLWKVKHHWVDQGVODEV%RWKPRGHOVDUHXVHIXOIRUEDVLFDQGDOVR
DFFXUDWHG\QDPLFDQDO\VLV
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